http://www4.ipdljpo.gojp/cgi-bin/tran...0551%3D00100000000000000000%26N0580%3D0 



JAF^NESE j [JP.2001-119023.A] 



CLAIMS DFTAILED DESCRIPTION TECHNICAL FIELD PRIOR ART EFFECT OF THE INVENTION 
TFCHN1CAL PROBLEM MEANS DESCRIPTION OF DRAWINGS DRAWINGS 



[Translation done.] 



2004/03/04 15:31 



http://www4jpdljpo.gojp/cgi-bin/tran...522%2520BGCOLOR%3D%2522lightyellow%2522 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 

[Claim(s)] t t . , . , r , t . 

[Claim 1] A semiconductor device characterized by being the semiconductor device which formed a trench 
which has the side and a base and formed an insulator layer in the semiconductor layer surface of the 
semiconductor layer surface and said base of said side, and choosing both crystal face as a semiconductor 
layer to a growth rate of an insulator layer of the semiconductor layer surface of said side so that a growth 
rate of an insulator layer of a semiconductor layer of said base may be size. 

[Claim 2] A semiconductor device according to claim 1 characterized by said insulator layer being silicon 
oxide. 

[Claim 3] the crystal face of said side — or (1 10) the near — it is — the crystal face of said base or 
(111) a semiconductor device according to claim 1 or 2 characterized by being the near. 
[Claim 4] A semiconductor device given in either of claims 1, 2, and 3 characterized by providing a gate 
electrode inside said trench. 

[Claim 5] A semiconductor device according to claim 4 characterized by forming an insulated-gate mold 
semiconductor device in an insulator layer of said gate electrode and said side, and a semiconductor layer of 
said side. 

[Claim 6] A production process which forms a trench which has the side and a base in a semiconductor 
layer A production process which forms an insulator layer in the semiconductor layer surface of the 
semiconductor layer surface and said base of said side It is the manufacture method of a semiconductor 
device equipped with the above, and to a growth rate of an insulator layer of a semiconductor layer of said 
trench side, it is-characterized by choosing both crystal face so that a growth _rate of an insulator layer of a 
semiconductor layer at said base of a trench may be size. 

[Claim 7] A manufacture method of a semiconductor device according to claim 6 characterized by said 
insulator layer being silicon oxide. 

[Claim 8] the crystal face of said side — or (1 10) the near — it is — the crystal face of said base or 
(111) a manufacture method of a semiconductor device according to claim 6 or 7 characterized by being the 
near. 

[Claim 9] A manufacture method of a semiconductor device given in either of claims 6, 7, and 8 to which a 
production process which forms said insulator layer is characterized by being thermal oxidation of 900 
degrees C or more. . 

[Claim 10] A production process which forms a channel field of a reverse conductivity type in the surface of 
a semiconductor layer of one conductivity type A production process which forms in said semiconductor 
layer surface a trench which has the side and a base A production process which forms a gate insulator 
layer in the semiconductor layer surface of the semiconductor layer surface and said base of said side, a 
production process which forms a gate electrode in the interior of said trench, and a production process 
which forms a source field of a reverse conductivity type in said channel field surface It is the manufacture 
method of a semiconductor device equipped with the above, and to a growth rate of an insulator layer of a 
semiconductor layer of said side, it is characterized by choosing both crystal face so that a growth rate of 
an insulator layer of a semiconductor layer of said base may be size. 

[Claim 1 1] A manufacture method of a semiconductor device according to claim 10 characterized by said 
insulator layer being silicon oxide. 

[Claim 12] the crystal face of said side — or (110) the near — it is — the crystal face of said base — or 
(111) a manufacture method of a semiconductor device according to claim 10 or 1 1 characterized by being 
^1^0 near 

[Claim 13] A manufacture method of a semiconductor device given in either of claims 10, 11, and 12 to 
which a production process which forms said insulator layer is characterized by being thermal oxidation of 
900 degrees C or more. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the semiconductor device 
which has trench slot structure about semiconductor devices, such as vertical mold MOSFET equipment. 
[0002] 

[Description of the Prior Art] In the latest vertical mold MOSFET, since it is easy to acquire a low on 
resistance property structurally, the so-called trench mold of the structure which embedded the gate 
electrode at trench Mizouchi attracts attention. As for the vertical mold MOSFET which has such trench 
mold structure, the structure and the outline of a manufacturing process are indicated by JP.4-1 46674A 
JP,5-335582,A, etc. 

[0003] Such an example of the manufacture method of a vertical mold MOSFET is explained usingdrawing 8 
thru/or drawing 9 . 

[0004] The 1st production process: Diffuse the impurity of P type on the surface of the semiconductor 
substrate 1 1 which has drawing 8 (A) reference N+ mold semiconductor layer 1 1a and N-type 
semiconductor layer 11b, and form the channel field 12 in it. The semiconductor layers 11a and 11b turn intc 
a common drain layer. 

[0005] The 2nd production process: Form a trench 13 by anisotropy dry etching from the drawing 8 (B) 
reference substrate 1 1 surface. A trench 13 penetrates the channel field 12 and reaches N-type 
semiconductor layer 1 1b. The semiconductor substrate 1 1 whole is heat-treated and the gate oxide 14 

— whose thickness is about 800A is-formed in the semiconductor layer surface of the sjde of a trench 13, and 

a base. 

[0006] The 3rd production process: Form the gate electrode 15 which lays the interior of a trench 13 
underground by forming a polish recon layer all over the drawing 8 (C) reference, and carrying out etchback 
of this. 

[0007] The 4th production process: Form N+ source field 16 and P+ contact field 17 in the drawing 9 (A) 
reference channel field 12 surface, and form an insulator layer 18 on the gate electrode 15 further. 
[0008] The 5th production process: Form the source electrode 19 in contact with both refer to drawing 9 
(B), and the source field 16 and the contact field 17. 

[0009] In the vertical mold MOSFET of the starting structure, by giving the voltage more than a 
predetermined threshold to the gate electrode 15, the inversion layer (channel) of N type is formed along 
with the trench 13 in the channel field 12 of P type, and a current path is formed between N-type 
semiconductor layer 1 1b and the source field 1 6 of N+ mold. Thereby, between the source drains of a 
vertical mold MOSFET will be in an ON state. Conversely, by making voltage of the gate electrode 15 below 
into a threshold, the inversion layer of the N type of the channel field 12 will be lost, and between the 
source drains of a vertical mold MOSFET will be in an OFF state. According to the vertical mold MOSFET to 
apply, since there is no junction type FET effect peculiar to the vertical mold MOSFET of a planar mold, the 
advantage that the on resistance can be made small arises. 

[0010] In the above manufacture method, the gate oxide 14 formed at the 2nd production process is an 
important element which determines the threshold of an MOSFET element. This threshold is determined by 
the thickness t1 (refer to drawing 8 (B)) of the gate oxide 15 of the portion pinched mainly with the channel 
field 12 and the gate electrode 15, and it can improve the current drive capacity of an element, so that that 
thickness is thin. On the other hand, the thickness t2 of the gate oxide 14 in the base of a trench 13 
determines the resisting pressure Vdg between gate drains of this element. The resisting pressure Vdg 
between gate drains can be increased, so that this thickness t2 is thick. Moreover, thickness t2 is also the 
element which determines the capacity Cdg between gate drains of an element. 
[001 1] By the way, in silicon society, the semiconductor substrate 1 1 of field bearing (100) is used 
abundantly. Since a field defines field bearing by the inverse number of the coordinate value which crossed 
the axis of coordinates, field bearing (100) of intersection y and the z-axis is infinite at a x-axis = (100) 
shaft and "1", crosses, namely, means the crystal face at which it does not cross. 

[0012] Drawing 10 is the perspective diagram showing the condition at the time of forming a trench mold 
MOSFET element in such (100) a substrate. A trench 13 continues in the shape of a grid, and encloses the 
perimeter of the rectangular channel field 12. a rectangle [ like a square ] whose channel field 12 is — and 
the crystal face of the semiconductor layer exposed to the side and the base of a trench 13 when the 
configuration is in agreement with bearing of the crystal face — both (100) — or it becomes the crystal 
face (equivalence side) of the near. Thus, if it is an equivalence side, since the growth rate of the silicon 
oxide by thermal oxidation is the same, the thickness t1 and t2 of gate oxide 14 (refer to drawing 8 (B)) 
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turns into the same thickness. 
[0013] 

[Problem(s) to be Solved by the Invention] However, in order to make capacity Cdg between gate drains 
small greatly [ resisting pressure / Vdg / of an element / between gate drains ] to there being a demand 
which wants to make thickness t1 thin in quest of the reduction in a threshold and high-current-izing of an 
element, there is a conflicting requirement of wanting to thicken thickness t2. Although these were 
conflicting requirements, since [ with the poor more fatal resisting pressure which originates, for example in 
the pinhole of gate oxide 14 etc. ] it was poor, there was a defect referred to as checking high 
performance-ization of an element by layout which gave priority to thickness t2 after all. 
[0014] 

[Means for Solving the Problem] This invention was made in view of the conventional defect mentioned 
above, and forms a trench which has the side and a base in a semiconductor layer. Are the semiconductor 
device in which an insulator layer was formed on the semiconductor layer surface of the semiconductor 
layer surface and said base of said side, and to a growth rate of an insulator layer of the semiconductor layei 
surface of said side, so that a growth rate of an insulator layer of a semiconductor layer of said base may be 
size It is characterized by choosing both crystal face. 
[0015] 

[Embodiment of the Invention] Hereafter, the gestalt of 1 operation of this invention is explained with 
reference to a drawing. 

[0016] 1st production process [ of the 1st operation / of a gestalt ]: — drawing 1 (A) — the silicon 
semiconductor substrate 21 possessing N+ type layer 21a and N type layer 21b is prepared first 3 **. N type 
layer 21b is located in the 1 principal-plane side of a substrate 21, and N+ type layer 21a is located in a 
rear-face side. N type layer 21b is formed with an epitaxial grown method. As for the substrate 21, the 
crystal face of the near is chosen at least for the method (1 1 1) of a field, and the crystal face of the 
surface of N type layer 21a is also set to (111). 

[0017] The 2nd production process: Carry out thermal diffusion of the impurity of P type, such as boron, to 
the field which should form a drawing 1 (B) reference MOSFET element alternatively from the surface of the 
N-type semiconductor substrate 21, and form the channel field 22 of P type in it. 23 is silicon oxide. 
[0018] The 3rd production process: Form the photoresist film 24 on drawing 1 (C) reference silicon oxide 23. 
The photoresist film 24 is exposed and developed and two or more openings 25 are formed. By this opening 
25, silicon oxide 23 is removed alternatively and the silicon surface is exposed partially. 

[0019] The 4th production process: Etch the silicon surface alternatively according-to the opening of silicon 
oxide 25, and form a trench 26, after removing the drawing 1 (D) reference photoresist film 24. Etching uses 
HBr, NF3, and helium+02 as etching gas using the dry etching system P-5000 of AMJ. This etching is 
considered as etching of an anisotropy to which etching advances perpendicularly to a substrate 21. A 
trench 26 penetrates the P type channel field 22, and reaches N type layer 21a. 

[0020] the case where field bearing of a substrate 21 is set to (1 1 1) in this production process — the 
semiconductor layer surface 27 of the trench 26 side — or (110) the crystal face of that near can be 
exposed. Moreover, the crystal face of the near is exposed to the semiconductor layer surface 28 of trench 
26 base (111). 

[0021] The 5th production process: By dummy oxidation accompanied by 1000 degrees C in the drawing 2 
(A) reference oxygen ambient atmosphere, and heat treatment of 1 hour, form an oxide-film layer in the 
silicon surface of the trench 26 interior, and remove this. This removes the defective layer on the surface o1 
silicon accompanying trench 26 formation. Then, gate oxide 29 is formed in the interior of a trench 26 by 
performing 1 100 degrees C in a dry oxidation ambient atmosphere, and thermal oxidation of 1 hour. The 
thickness of gate oxide 27 is 400-800A. In addition, an oxide film covers also like the surface of the channel 
layer 22. 

[0022] The 6th production process: Embed the interior of a trench 26 with polycrystalline silicon by putting 
refer to drawing 2 (B), next a polycrystalline silicon layer on the whole surface with a CVD method. And Lynr 
or boron is doped on a polycrystalline silicon film, and a polycrystalline silicon film is conductive-layer-ized. 
Next, etchback of the polycrystalline silicon is carried out, for example by isotropic vapor etching. And by 
suspending etching of polycrystalline silicon in the phase which silicon oxide exposed, the gate electrode 30 
embedded in the trench 26 is formed. 

[0023] The 7th production process: Form refer to drawing 2 (C), next the contact field 31 of P+ mold. This 
is formed by forming the opening of a resist mask in the portion used as the contact field 31 according to 
the production process of phot lithography, for example, carrying out the ion implantation of the boron. Next, 
the source field 32 of N+ mold is formed by forming the opening of a resist mask in the portion which serves 
as a source layer according to the production process of phot lithography again, for example, carrying out 
the ion implantation of the arsenic (As). Since this source field 32 is formed of an ion implantation by using 
as a mask the upper limit section of the gate electrode 30 embedded at the trench 26, a diffusion layer is 
formed by the self aryne to a gate electrode. Next, insulator layers, such as NSG/BPSG, are put all over a 
substrate, a opening is prepared by etching the insulator layer so that the source field 32 and the contact 
field 31 on the surface of a substrate may be exposed according to the production process of phot 
lithography, and an insulating layer 33 is formed. Opening of an insulating layer 33 serves as a contact hole 
34. 

[0024] The 8th production process: With refer to drawing 3 and sputtering, or vacuum deposition, put 
metallic materials, such as aluminum, all over a substrate, and form the source electrode 35 all over an 
MOSFET eel field portion by photoetching and carrying out an alloy. Furthermore, the vertical mold MOSFET 
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of a wafer phase is completed by putting a passivation film all over a chip, and forming a drain electrode (not 
shown) in the rear-face side of the semiconductor substrate 21. In addition, after forming the channel field 
22 and the source field 32, the sequence which forms a trench 26 is sufficient. 
[0025] Drawing 3 (A) shows the pattern of the eel of the semiconductor device obtained by this 
manufacture method. Each channel field 22 divided with the trench 26 possesses the configuration of six 
square shapes respectively. Thus, the field divided by the semiconductor layer surface 27 of the 
configuration of the channel layer 22 or the trench 26 side is called a "unit cell." Each unit cell has the 
same configuration and magnitude mutually, and it is arranged in all directions so that each side of six square 
shapes may adjoin each other in parallel mutually. The angles theta of six angles are less than ten 
120-degree double signs respectively, and, as for six square shapes of each unit cell, it is desirable that thev 
are positive six square shapes whose theta is 120 degrees preferably. Thus, when it is positive six square 
shapes, as for the line which connects the center and center of a unit cell, the neighboring length serves as 
the equilateral triangle 40 of a. A trench 26 encloses the perimeter of each unit cell continuously with the ^ 
fixed line breadth b. It is the pattern of a honeycomb configuration like a "swage block" or a tortoise shell 
as a whole. And the source field 32 has the annular configuration of fixed line breadth where the 
configuration of a unit cell was met, and the contact field 31 exposes it to a part for the core of the source 
field 32. The source electrode 35 is in contact with both the contact field 31 and the source field 32. Thus, 
the MOSFET element is constituted by carrying out parallel connection of many unit cells. 
[0026] Drawing 3 (B) shows the cross-section structure of the semiconductor device obtained by this 
manufacture method. It is formed in the depth to which many trenches 26 reach the silicon semiconductor 
substrate 21 which has the P type channel layer 22 on the surface, and has N+ type layer 21a and N type 
layer 21b in the lower part at N type layer 21b exceeding the P type channel layer 22. Gate oxide 29 is 
formed in the surface of the trench 26 of thermal oxidation, and, as for the interior, the gate electrode 30 is 
laid further underground. The gate electrode 30 laid under the trench 26 interior is connected to the 
electrode pad which can impress gate potential from the exterior in the part which is not illustrated. The 
insulating layer 33 prepared on the gate electrode 30 is carrying out insulating separation of the gate 
electrode 30 and the source electrode 35. By adding electric field to the gate electrode 30, this trench mold 
MOSFET forms the inversion layer of N type along with the trench 26 in the channel layer 22 of P type, and 
forms a current path between the N type layers 21a and 21b and the source fields 32 of N+ mold used as a 
drain. 

[0027] Formation of gate oxide 29 is performed by thermal oxidation of silicon in the above manufacture 
method: It depends for the growth rate of the oxide film in thermal oxidation on the crystal face greatly. 
[0028] For example, it is as follows when the growth rate of a thermal oxidation film is compared on 
condition that 1 000 degrees C and dry oxidation in each crystal face. 

[0029] (111 )>(1 1 0)>(3 1 1 )>(5 1 1 »(1 00) , . , n rjcr 

That is, as compared with a field (110), the growth rate of a field (111) is somewhat quick. The difference of 
this growth rate is reversed by low warm temperature processing of 800 degrees C or less. 
[0030] Therefore, the thing for which the crystal face of the semiconductor layer surface 27 of the trench 
26 side is constituted from (110), and the crystal face of the semiconductor layer surface 28 of trench 32 
base is constituted from a field (111), Furthermore, 900 degrees C or more are performing 
elevated-temperature heat treatment of 1000 degrees C or more preferably as formation conditions for gate 
oxide. The oxide-film thickness t2 (refer to drawing 2 (A)) of the portion pinched by the gate electrode 30 
and N type layer 21b rather than the oxide-film thickness t1 (refer to drawing 2 (A)) of the portion pinched 
in the gate electrode 30 and the channel field 22 can be formed thickly about 10%. It can reconcile 
decreasing the resisting pressure Vgd between the gate drains determined that oxide-film thickness t1 is 
made thin, and it will increase the current drive capacity of an MOSFET element by this by the oxide-film 
thickness t2, and the capacity Cgd between gate drains. 

[0031] in addition, ** — the configuration where the radius of circle was tinctured with the configuration of 
the portion 41 (refer to drawing 1 (D)) touching, the portion 56, i.e., the source layer, of a shoulder of a 
trench 26, is processible by adding elevated-temperature heat treatment [ like ]. Therefore, covering nature, 
such as oxide films 29 and 22, improves. In addition, even when replacing with silicon oxide Si02 and using 
the laminated structure of the silicon nitride SiN, and an oxide film and a nitride, the difference of thickness 
can be acquired similarly. 

[0032] Drawing 4 shows the semiconductor wafer 42 of field bearing (111) used with an actual 
semiconductor device. The field (1 1 1) is exposed to the surface and this wafer 42 forms many 
semiconductor chips in this surface. The MOSFET element which consists of a pattern shown in drawing 3 
(A) is formed in the surface of each semiconductor chip. Although the orientation flat OF considered as 
crystal orientation <1 10>, it is good also in the other bearings. In addition, field bearing (111) means an 
intersection and the crystal face which similarly crosses a z-axis= <001> shaft at 1 as a x-axis- <100> shaft 
by 1 an intersection, a y-axis= <010> shaft, and 1. 

[0033] And a pattern 50 is formed by arrangement arrangement and each sides 51-56 of the unit-cell 
pattern 50 of six square shapes cross at right angles to crystal orientation <1 10>. It enables this to 
constitute the crystal face of the six semiconductor layer surfaces 27 divided with a trench 26 from the 
crystal face [ all (110)] (mirror side). In addition, that the crystal face of the six surfaces 27 is mutually 
equal means that mobility of the electron in that thickness t1 of gate oxide 29 is equalized, and a threshold 
Vt can be equalized and silicon, interface state density, etc. can be equalized. Therefore, channel current 
can be equally passed to all the 6th page by using the unit-cell pattern 50 of six square shapes. 
[0034] In addition, the eel density per unit area can be sharply improved by having arranged the eel of six 
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square shapes to Mr. **. Since the synthetic length of gate width GW also increases sharply in connection 
with this, the current capacity per unit area can be increased. Specifically, it became possible to integrate 
tens of thousands of - hundreds of thousands of unit cells to the same chip size (for example, 
LOmmx 1.0mm) as the former. Therefore, the MOSFET equipment of high power or the small MOSFET 
equipment of on resistance Rds (on) can be obtained. 

[0035] The gestalt of operation of the 2nd of this invention was shown in gestalt drawing 5 of the 2nd 
operation. The gestalt which are six square shapes to which six square shapes of the pattern 50 of a unit 
cell lengthened distance of the distance x of a drawing longitudinal direction to the distance of the drawing 
lengthwise direction y instead of positive six square shapes is shown. In this case, the triangle 40 which 
connects the center and center of a pattern 50 turns into two equilateral triangles, and the distance c of 
the two sides is the equal distance. The triangular distance a is equal to the distance a of drawing 3 The 
side of a pattern 50 is parallel to the side of the next pattern 50, and the distance b is fixed. A field (110) 
can be exposed to all the 6th page also in this configuration. The manufacture method applies to the 
production process shown in drawing 1 thru/or drawing 3 correspondingly. 

[0036] Gestalt drawing 6 of the 3rd operation shows the example which applied this invention to IGBT 
(Insulate Gate Bipolar Transistor). The configuration of a eel is applicable in both of the examples,drawing 3 
and drawing 5 . Form the N+ layer 71 and the N type layer 72 on the P type substrate 70, and the P type 
channel layer 73 is formed in the N type layer 72 surface. The trench 74 which reaches the N type layer 72 
from the surface of the channel layer 73 is formed. Form gate oxide 75 and the gate electrode 76 in the 
trench 74 interior, and annular N+ source layer 77 is formed in the channel layer 73 surface. Furthermore, 
P+ contact field 78 is formed in the channel layer 73 surface, and the metal electrodes 79, such as 
aluminum, are contacting the source field and P+ contact field electrically. 

[0037] This element is constituted so that it may supply as base current of the PNP transistor which forms 
this channel current with the P type channel layer 73, the N/N+ layers 71 and 72, and the P+ substrate 70, 
while forming a channel in the channel layer 73 of the trench 74 side and passing channel current from the 
source layer 77 to the N type layer 72 with the voltage impressed to the gate electrode 76. Since 
conductivity modulation arises in said PNP transistor, this IGBT can reduce on resistance rather than an 
MOSFET element. The relation of the crystal face of the semiconductor layer surface 27 of the side and the 
semiconductor layer surface 28 at the bottom and the pattern of a unit cell are equal to the gestalt of the 
1 st or the 2nd operation. 

[0038] Gestalt drawing 7 of the 4th operation shows trench mold MOSFET equipment when the 
semiconductor layer surface 27 of the. trench 26 side is curving. The .configurations of a trench 26 and a 
unit cell are equal to drawing 3 , and the trench 26 has the configuration of a V character mold. In this case, 
although a field is not exposed to the semiconductor layer surface 27 of the side (110), since the field where 
a growth rate is the highest (111) can be exposed on the semiconductor layer surface 28 at the bottom, 
compared with the thickness t1 of the gate oxide 29 of channel field 22 portion, the thickness t2 of the gate 
oxide 29 of an N type layer 21b portion can be formed thickly. Since other parts are the same as that of the 
configuration of drawing 3 , explanation is omitted. 

[0039] what was explained above is only the gestalt of some operations of this invention, and the 
semiconductor device which controls channel current by gate potentials, such as for example, an 
electrostatic-induction thyristor (SITh), a gate turn-off thyristor (GTO), and an MOS control thyristor 
(MOT), comes out not to mention the ability to consider the gestalt of the operation which versatility 
deformed, without deviating from the meaning of this invention. Moreover, the combination of the pattern of 
drawing 5 and the gestalt of operation of drawing 6 and the combination of the pattern of drawing 5 and the 
gestalt of operation of drawing 7 are also easily applicable. 
[0040] 

[Effect of the Invention] As explained above, since this invention can form thickness t2 thickly to thickness 
t1 by choosing the crystal face of the semiconductor layer surface 27 of the side, and the crystal face of 
the semiconductor layer surface 28 at the bottom, it has an advantage compatible in improvement in the 
drive capacity of an element, increase of resisting pressure Vdg, and reduction of capacity Cdg. 
[0041] Moreover, forming the difference of thickness by using the pattern of six square shapes shown in 
drawing 3 , high density integration of a unit cell is realized and it has the advantage which can obtain the 
element of high power. Furthermore, it also has the advantage which can form the thickness t1 of six fields 
in homogeneity with the combination of a substrate (111) and the crystal face (110). 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

fDrawing H It is a cross section for explaining the manufacture method of this invention. 

[Drawing 21 It is a cross section for explaining the manufacture method of this invention. 

fDrawing 3] They are the (A) plan for explaining the manufacture method of this invention, and the (B) cross 

section. 



fDrawing 4 



fDrawing 5 



fDrawing 6 



fDrawing 7 



fDrawing 8 



fDrawing 9 



It is a plan for explaining this invention. 

It is a plan for explaining the gestalt of operation of the 2nd of this invention. 
It is a cross section for explaining the gestalt of operation of the 3rd of this invention. 
It is a cross section for explaining the gestalt of operation of the 4th of this invention. 
It is a cross section for explaining the conventional example. 

It is a cross section for explaining the conventional example. 

fDrawing 1 0] It is a perspective diagram for explaining the conventional example. 
[Description of Notations] 
22 Channel Field 

26 Trench 

27 Semiconductor Layer Surface of Side 

28 Semiconductor Layer Surface at the Bottom 

29 Gate Oxide 

30 Gate Electrode 
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-£(Diffl»T?*!3, BUlBjSffi©*gSPS?& s (1 1 1) fcb< 

[9»«ffl6 ] WJffi4J£H4*?r-r5 h u 

But B hi/ > ^«JBO**f*iB©lftlWi©fiSfi \s - h K» 

[i**JI8 ] nuiBlBJlHOteaffl* 1 (110) tl><tt 
^<D£{£T*>D, BufBfiffiO^ffi^ (111) fcb< 

«*©ifi«-c* 4 c 4 -r 6 s tcmm 

[»JJB« 9 ] B«B*B«««:^RRTSXg^, 9 0 0 °C 
^©«l»br*6Ci*1»iT*ll*ai6. 7, 8 

so * f * ^»«* »flfr 4xs t . 40 

HufBWMO*2B*»*ffi 4 B?IBJSffi©^2Sf*»^ffl^ y 

«**jgflErsxat. 
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i i ] «riawt«3&*^ T J * >BMbire*s c 

& 

[Ht#S 1 2 ] BMBMH<D*£flffi# (110) fcb< 
tt*Oififfi-C*0, WBBfifflOlSaffl* 5 ( 1 1 1 ) to 

<tt*©itt*r*sc4*»ikirsil*9[i ossfctt 

IH&g 1 1 E«<0^»««<D«Jl*fc 
[M#qi 1 3 ] ffriB«Ut«*»0W**XS*«. 9 0 0 

x;«±©«awt-c*ftc4*»«[i-r4i»«3ii o. 1 

K 1 2 0C»-rn?!pCC8Btt<D*»f»6«0»a#ffi. 
[0 0 0 1 1 

[jew©** *>tm&m ] *s^mimo sfets 

[0 00 2] 

C^*Ott»j] flBttOtSBaMOSFETtCte^-Ctt. «t 

BffiMOSFEm «*tf1$H¥4- 1 466 74# 
SltC #fl¥5 - 3 3 5 ST8~2 W^t^^omMR 
umS^JM^K^M^S 4vcc> 4, 
[0 00 3 ] tCDJ:5^ftMMOSFETCr>*j^?ScD 

— 0 8 71MI2 9*fflt^ift | E'**£. 
[0 004 ]»lIfi:H8 <A)#JB 
N + I$i(*ll 1 aiN^iftil 1 b4£^tT4 

*)V9M 1 2 ^Mf^c **lf*JI 1 1 a . llbtt« 
MCD FU-f >Jf 4#4o 

[0 0 0 5 ] KI2XfI : 13 8 (B)#M 
Sffil l»B*6«#ttF^-<rx**>^K:J:^rh u 
3^Mt^>c H/>?13li?t^HIW12 
«rSjlLTNS^NW*»l lb tC^-r.4, *a»l*StR 1 

1 ±{*&f&S2!il It, hb>^l 3 CDffiM 4 JSB<D^ 
(*»*BCC«W*i8 0 0A8tt©y- hB$ftJSl 4&B 

[0 00 6]^3XfM:[18 (C)#JH 

fil 5^Mt^>o 

[0 00 7 1 04X11:09 (A) MS 
^i-^^M^cl 2*ffitcN + V-^««il 6 4P + n> 
F««l 7*Jg«L, BCcy- h««l 5©±CC|ft 
WI1 8^Mt^c 

[0 00 8 ]»5Ig:H9 (B)#M 
-eut:, y-x««l 6 4n>** h««l 70H*«c 

[0 00 9] «4»a©«aiM0 S F ETKk^tB. 
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£k:J;9, PMo^i-^^pI^i 2rtcoh u>^ l 3Cc 

IS1 1 biN + 31©y-^*R«l 6i©HBtc««EBftJK 
cncCcfcOttfflMOSFETOV-^ - FU-f 
>fa^>«SSi*So iKtcy-hWSl 5CDfgE£U 
*tHBtetT£TSC£T\ ^-t^MWl 2(DN105 
$sB#&<&9. (8SMOSFETOV-* ■ FU^> 
RB#*:7tt«£tt*. «4ttSaMOSFETlcJ:n«, 
^lx-^S<D«63SMOSFETtC!RfW<D^S!FET«ft 10 

[0010] Jtt±<D«**ffi^teC^"C, *2iat*a 
StiSy- hMft«l 4tt. MOSF ETJR-f©LdC> 
fi£ifc£r££gttg*'?*a. C<DL#trHStt, ££ 

<M)^-Ht<Ull 5<£J«J»t 1 (0 8 (B) #JH) "C 

KftlRl 4(DM)Pt 2«. CWR^y- h • FU>f> 20 

h EU-t>JHIBEV.d sr Srtftrtrc* £. JKJSt 
2 B**©y- h ■ Kb-f >1MC d & 

[0011] tcit. *w*Jfc»-ci*BWtt ( 1 o 
( i o o) £». xi= (ioo) Mi r i j -c^fr 

[00121H10B. C CE>«tt (10 0) StS^ h U 
>f f MO S F E T*^^«L/c)|^i^^i4 

war**. hP>?i s 2 © 

aoc—Sc 0/c»^r, 3CDffliJffiiSH0catH-r 

&^«#j|cDt£jiB(*. ftfc ( i o o ) < a:*<Difi 
««0-c. y-mfwi 4 (H8 (b> #m) 40 

t 1 £ t 2«, lfflDBOT£tt*. 
[0 0 13] 

BEVd <fioy- h • K u -f VlfflSMC d s * 



[0 0 14] 

Mt^H^>^Ml, iiijSBffiiJffl©*»*toBaiB0£ 
sec. s#cofe B H BB^iiJR$nTc^c<h 

[0 0 15] 

[ o o i 6 ] ar i ©niWDjiaa 

*1JJB:H1 (A) #BS 

9cT. N + M12 1 a£NSSJB2 1 bt*fll«^Ja 
>^UJW*»«2 l^ffif«-T6 0 3152 l<D-£ffiMKN 
§012 1 R®ffliJ0CN+SJ12 1 a#ttIT4. N 
112 1 bttWittfibTd'+^irJl'SJESftCCioTJK* 

OfcfcOT**. 1 ttffi#tfc** (1 1 1 ) 3al/< 

li^CDafi^teSffl^ffltR^^rfeO, NI12 1 a<D 
Sffl(MSSfflfe (1 11 ) £tt*~. " 
[0017] Jf!2Xfi : HI (B) #J(K 
MOSFE T^^J^Rtr^^lHWK:, Nffl**f*»« 

JfiiLt, Pfi(D^t^HI«2 2t*«t8, 2 3« 

[0018] #3XB : H 1 (C) #JR 
VJ =3>fflMtBS2 3£>±te* h U^* 2 4*Jfg«fr 

Ufi2 4*»:ft* jhseu-c, 
S|52 5^«cT*c C©MP»2 5CCcfeoTl/ | J3>Bl 

errs. 

[0 0 19] S*4X«:H1 (D> #JK 
#bUS>*h*2 4*(tel/fc«. i"J:3>BKfcJBl2 5 

hU>9=-2 6t»flW4. ^J^.«A 
M J tt® K 7 ^ x ^> y«BP - 5 0 0 0 4fflt\ x 
»f>^iLtBHBr ,NF3 ,He + 02«ffl 

r^> 0 c©x9^>^asiK2 iK*ti/-cffiit^rsj«:x 

H/>*2B«Pffl? L -r*iHK*2 2*:»ai/, NSJS 
2 1 aCCig-r& 0 

[0 02 0] tKDXeCC*JC»TT, StS2 1C0ffi^fi^: 
( 1 1 1 ) £ LtcmSW*. 2 B IWIBO^Wf* 

1«2 7« (110) *Ktt*©itt»©»»W«:« 
aJT4C£3&s-C*S. h U>^2 6JSBS<D*»* 

Iiaffi2 8*CB (111) B*©iE«OlS*ffi# 
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[0 02 1] mSXm : 02 (A) MR 
BBR»ffl»*Cc*5WS 1 0 0 0U 1 RHRIOMIBa«# 

F^^»ft#H»+«:4jtf4 1 1 0 O'C, 1B# 

K{tBI2 9£ttMT£ 0 y- hMffc«2 7G>J«»ra4 0 
0-80 0a*C^^> o ^ ^ + *JW12 2CD*ffitc4>|5j 

[0 02 2] *Bia:B2 (B) #BS 

iA^o -eor, ans»5/ya>«K:y >xb#o>* f 

^> 'i 3>(Dx ^ ^ > it ^ C it, hU> 

[0 02 3]»7Ig:H2 (C)#M 20 

P+M(D^>^^ FfH«3 1 ZBf&TZ> 0 cnti 
.=J > * h «*S 3 LiAAJB^MC * h U V 7 4<DX 

y^yy ^cDXflKcfcD y~*«<Lfr*SP#&cu$'* h 
^**©PBP*Jf5fiKU fflfctfift* (As) £-f*>&A 

S3 OcD±*$gf5£^;*^£ U-r-f *>SAKJ:Dfl5flt3 
s^MSnSc ;*w:n S G/B P S Gf 

5«:*©*6«K i fei^^>^Sci-CKIP*Ktf. 
WI3 3 4f«« B WM3 3©HJPffltt=i>** F 
*-jU3 4 

[0 0 2 4 ] *8Ig : H3#JK 

n^t^Cit, MOSFETH2;U«JSap»O^E0cv 40 
^3>«*»*u X, 2 KDMBWfcKl/ 

UMMOSFET^t?)o ft* + 2 2 £ 

y-x«#3 2*»bsl/c««c h u>^2 ezjtmrz 

[0 0 2 5 ] 0 3 (A) fct, »f^SJSjg*ffiCCj:oT?# 
>^2 6*cJ;^TEi®3ft/c&^i**Jl/«$i2 2te&* 
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6 

tfcg 0<tthU>^26 WJffiO*3SftJB«BB 2 7 tc J: o 

&-fe;l/06a#t3\ 6oOftoM^*^ 12 0S7* 
7X7^tX10gW^^ »*KB0*J12O 

E3**a©jE=fl»4 0i:ai. FU > * 2 6 tt-J£« 

2©4M>«fl#K::3>#* h««3 ltfBUTT*. 
©B3 5tt, 3>^^h««3UV-XS«3 2iO 

5»JS*6*rSCiCCJ:0 % MOSFEmirMbt^ 

[0026] H3 (b> m^m^mc^^xn 

^**;UB2 2£WU *<DT6ISK:N+SyB2 1 a, N 
SUB 2 1 b£*#rSS/y a>^zgtt»£2 HC 
(Db l/>^2 6^Pa^t^I2 2*fi*TNl!ji2 

1 b«:jl-raaiSK:jf^3ti"CC»4o ^-(Dhi^>^2 6 

>^2 6rtSU(caK3*i/cy- MS3 0«, HS^ft 

Bfijfrfl-att^y- F«ffi*EnfinnjftB«cSffi^^ fcc» 

ijnSo -y- hSffi3 0©±CC88Wfc*a«B3 

haffi3 0iy-X*ffi3 5 i^rtelt^SILTt^ 
6 e CCD h U>^MOS FETd y-h^©3 0CC 
m^«r»PASC<tCCj:0, PSC0^ + *^JB2 2rt<Dh 

45NI12 1a > 2 1biN + SOV-^5iij{3 2i 

[0 02 7]«i©SMS^t, y-HMW2 
9 (D&m* ^ 'J 3 > b^C <t ^ T ?f ton * . ^BS f t 

[ 0 0 2 8 ] «*.« 1 0 0 0 "C, F y -Y»(fc<Dgfefrrtt 

[0 02 9] (1 1 1) > (1 1 0) > (3 1 1) > 
(5 1 1) > (100) 

BP^, ( 1 1 0) ffilCttMLX* (1 lDIOffigU 
- b^biit^-C*So C^fi&gU- l-©^«, 8 0 

[0 0 3 0]S£o-C, h U>^2 6fflUffiCD¥8M*BSIffl 

2 7©*Saffi* ( 1 1 0) "CtHJSiU hU>f 3211 
cr>*j»f*ffl*H2 8 0ifeaB5* (ill) mx-mntfrz 
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± % » a u < « i o o o •cKU:<Di*aj»*affl*tf 5ci 

#©BHtBWt 1 (02 (A) #JR0 J:0*>y-h*« 
3 0 i NS*J12 1 b tT»*titea»OBHt«W t 2 

0 2 (a) #jh) *tti oxaflDKJisart"*** 1 ^ 

t 2te«fc-3TfcE3ttSy- h • K U -Y >ra<D«JEV g 

d h • FI/>f>rfl0giCgd^tSC 10 

<hchft, WiL3-ti-SCi3&ir*S. 

cfcD, hl/>*2 6(DJIJcD«fl\ HHpV-X«5 6lC& 
•rSSB»4 1 (HI (D) #JS) ©J&tRft3h#©^tffc 
BtttCjDX-C**, ctoT. BMb]8t2 9. 2 2fc£©» 
att^fillTS. 2^U=i>KffcBIS i 0 2tCKx 

r, s/«;3>ffl»siN*, BMUl4MUIi©«Ji 
[0032] H4«, mm<D^w^mxm^m^iiL 20 

(111) ©^«<***^4 2ft7nUTt>S„ C©»)x 
_/>42_tt, *Bte_(l 1 1.) M*sStHjyTfeO. K*B 

^^^0«ffiCCtiH3 (A) tCiSO/c-* 
MOSFET^W^n^o t'Ji>f->3>7 

7^hoF wsea^(4< 1 1 0 > 4 -e^fto^ 

ttTfcAc*. ft> ffi^(4 (ill) <fctt. xtt=< 1 0 
OlliltSb^ y$4=<0 1 0>¥ii 1 "C^to 
0 % |5J0< ztt=<0 0 1 >Wi l-CXt>**gSffl«:SE 

[0 03 3]^0r, 6ftJK©#{aH2^"^->5 0CD 
§25 1 -5 6JMI6Jl#tt< 1 1 OMC^UTfiSTTS 

iP B Hft, 4t (no) cDisfiffi ( ^ ^-b) -crnstr 

SCitfnJftBfC&S. 6 ocoftffi 2 7 <D*SSB#S 

[0 0 3 4] fiD^-C, ««ftC6H»©-b^tK«L?tC 

& 0 Affrfflfctt. fiatiWD^^^-ZX <«*.«! 1. 
Ommxi. 0mm) CC % lDfflB-«+3Jffl<D»ttH2^ 
*#^tr 4 C£#^ttK J:oti«,WMO 
SFET3SH. */c«*>ffiCiRds (on)©^^ 50 



MO S F E T*Bft»& C 
[0 03 5]S2 <D^Jfc©J$» 

bsk. *»w(Dii2<oji*iscDji5«**ote- ma-feji/ 

©^dr->5 0©6ft»*iE6ftJI$rBtt< HB»(WfiI 

0. 2oO[)iacDffilStc«^SE8t"C*So HftTfJOSBgla 
BB3©E«aCc»l/l». a?*->5 OOiHtt. I»<D^ 
^->5 OCDia<hWC*0, *©B(ibtt— 3E"C* 
So »§fM^t^ -eco6ffi^rtc (l l o) 
B*«Wr*C JRJS^ffitt, B 1 75SS3 

[0 03 6]»3©*»D#« 

B6B, *|69B* I GBT (Insulate Gate Bipolar Tra 
nsi stor) CCiBflB ft* L/ T S . *te jKDJBttttB 

3, B5<D<i:%6©W^<>a8ffl^pIfiBT*S. PSStS 
7 0<D±fcN + »7 1 £NSa»7 2ftJfci£U N32H7 
2*BfcPfi*+*;W17 3*»flEl/. ?t*;H7 3 
0*B^6Nai»7 2 0C^T5 h U>^7 4ftJgJSEL/. 
hU>^7 4rt8SCcy-h»{b!R7 5£y-h«ffi7 6 
ftJ&SU ^ + *;WB7 3*B*catK©N + v-^B7 
7~ftJBJS U~ Mtc ^ * *Jl/»7 3 Office P + ^ > £ 9 V ~ 
Ktt7 8 4»J»U V-X««<fcP + 3>dr^ HH««: 

[0 0 3 7 ] C CMR-T-tt, y- Y 7 6 tcftttn LtcM 
EiCct-pT h U>^7 4fJBG>*+*;WB7 3CC^** 
«MU 7*>6Nffl)B7 2^***^« 

ffift«r£Stc, »ft*^a?MPS^t*jH7 

3, N/N +87 1, 7 2. Ri>T + Ii7 0itM 
rSPNP h^>i/X*©-^— ^«8fc£ OtMTS J: 
^tC«fiSL/cfeC[>-r*)S. BtlGBTtt fjlfiPNPh 
7>^X5r-ce*«SE»^i;4<D-C. MOSFETi 

«o*>*>aas**i;*ci*«w*4. «b<d**# 

H*ffl2 7 iJSB©*«l*H^B2 8 &CDl6AB<DH 
[0 0 3 8 ] »4©H*D»!B 

H 7 tt % h U > ^ 2 6 ffli|S©¥^<*ll^ffi 2 7 *$« db U 
tC» hU>ffiMOSFETSB4SUt^ 
So rU>*2 Bi#tH2^0JI5«ttB3«:*L<, r 

B0^®»^affi2 7 tctt (iio) ffl^smrs*><D 

■Cttttli**. fiBO*W(*««B2 8fcRSfiU- 

feWC^ (ill) Bft«as*sci#w*sor. ^ 

+ *;l/fiK«2 2gft»©y- HKfbK2 9 t 1 tcit 

^t, nmi2 i b«u»©y- httitJB2 9<omm t 2 
ftji<?f5fiJt"C*s. tt©a»fttB3<oiiRS4ra— "c*a 
©■cnwjftirar*. 

[0 03 9] «±(c»9BbfeO«2|c»K©^ < 0*0* 
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(SITh), y-h^->t7-N'JX^ (GT 

o) % acmosiwaiiM y** <mct) 3?©, y- 

it?*^ £t 05©A£->£06©^JS©7^£ 
©a^totir. H5©^*->£H7©^Ms©Jfc88£© 

a*£to*fc8»K*JB^***©^**- 
[0 04 0] 

[0 04 1 ] H3tc*ufc6ft*(D' , «*-->*:fl3 

din sts<t ( i i 

0) |SSffit©a*^fc^Kj:0, 6o©Qg©flSJi£t 1 
[HI ] 
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So 

0, (B) rrffiS-C^Sc 

[15] *»W©»ECD*i6©^»t»W"S"Sfc»^ 

ffi0t?<fc£ o 

[as] se*«*ttwr4/c«>©wfffiH-c**. 
[09] u^}&uw?ztcit><Dffimm-c*>2>. 
[010] se3R«*K?8r4te«>©»aia'c*i. 

2 2 + 
26 

2 7 flBffl©*SH*»«B 

2 8 Kffi©*3W*»3lffi 

2 9 y-hBMUl 

3"o y- hmw 
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